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ABSTRACT 

This study was conducted in an effort to develop im-

proved methods and techniques for workload analysis and 

reporting to enhance workload management and planning. An 

automated Workload Plan Management System is described which 

is sufficiently flexible to be adaptable to all Navy MRTFB 

activities, and could provide the Naval Air Systems Command 

a means by which workload planning could be centrally 

managed. A technique is described for the determination of 

optimum workload for effective utilization of the workforce 

at a MRTFB activity. A new format is proposed for reporting 

test facility utilization and workload. Discussions are 

presented on the determination of resource requirements from 

projected workload, and feedback and control as related to 

workload planning. 
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I. INTRODUCTION 

A. STATEMENT OF THE PROBLEM 

Throughout the 1970s, increased emphasis was placed on 

test and evaluation (T&E) in the weapon system acquisition 

process. In order to ensure that all Major Range and Test 

Facility Base (MRTFB) activities are adequately provided 

with the required resources to satisfactorily fulfill their 

enhanced mission in the development test and evaluation of 

material and weapon systems for the Navy, it has become 

necessary that extensive planning and programming be conduc

ted at the activity level. Accurate planning and programming 

are necessary, not only to justify required resources, but 

to defend current funding and manpower levels in the face of 

increased budgetary constraints within the Department of 

Defense. 

A requisite for effective resource planning for a MRTFB 

activity is the ability to quantitatively measure and fore

cast test and evaluation workload requirements. This in

volves deriving a precise, unambiguous definition of work

load which is applicable to all MRTFB activities, devising 

a method of accurately measuring workload, and formulating 

a predictive model for resource planning based on the work

load requirements. 
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B. BACKGROUND 

With the establishment of the Defense Systems Acquisi

tion Review Council (DSARC) in the early 1970s and issuance 

of DOD Directives 5000.1 and 5000.2, which explicitly delin

eate theprocedures to be employed during the acquisition of 

major defense systems, increased stress was placed on the 

role of test and evaluation. This was further intensified 

in 1976 with the issuance of Office of Management and Budget 

Circular A-109 [Ref. 1] and subsequent revisions of DOD 

Directives 5000.1 and 5000.2 [Refs. 2 and 3]. These docu

ments are explicit in specifying that test and evaluation 

shall commence as early as possible and that decisions made 

at each acquisition milestone shall consider test and evalu

ation results. 

Early and continuous involvement of test and evaluation 

in the systems acquisition process is more explicitly delin

eated in DOD Directive 5000.3 [Ref. 4]. This directive 

specifies that, at each acquisition milestone review, the 

Defense Coordinating Paper (DCP) address test and evaluation 

results, and that the DSARC is supported by a test and evalu

ation assessment. In order to ensure that test and evalua

tion planning occurs early in the acquisition process, a 

test and evaluation master plan (TEMP) , which identifies and 

integrates objectives, responsibilities, resources and 

schedules for all test and evaluation, is required to be 

submitted, and to be approved by the Office of the Secretary 

of Defense prior to the Full Scale Development decision. 
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It is noted that the requirements of DOD Directive 

5000.3 apply to major defense systems acquisition programs 

defined as programs involving an anticipated cost of 

$75 million for RDT&E or $300 million for production [Ref. 

2]; however, those programs not designated as major pro

grams are required to be guided by the same principles. 

Consequently, the Chief of Naval Operations (CNO) classified 

Navy acquisition programs into four categories (ACAT) [Ref. 

5] in accordance with dollar value thresholds. ACAT I 

corresponds to the major acquisition programs defined above, 

and ACATs II through IV are governed by lesser dollar value 

thresholds. In Ref. 6, CNO further specifies that develop

ment test and evaluation, with the rigor delineated in DOD 

Directive 5000.3, is required for all four ACATs. 

In consonance with the increased importance of develop

ment test and evaluation in the defense system acquisition 

process, the need for improved management of test and evalu

ation activities was recognized by OSD. Consequently, in 

1974, DOD Directive 3200.11 [Ref. 7] promulgated policies 

for the use, management, and operation of all DOD test and 

evaluation facilities, which were consolidated to form the 

DOD Major Range and Test Facility Base (MRTFB). The activi

ties comprising the DOD MRTFB consisted of 26 test and evalu

ation activities of the Army, Navy and Air Force. The Navy 

elements of the MRTFB are listed in Table I. In order to 

consolidate management of Navy ranges, test activities, and 
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TABLE I 

NAVY ELEMENTS OF THE 
MAJOR RANGE AND TEST FACILITY BASE 

1. Pacific Missile Test Center 
2. Atlantic Undersea Test and Evaluation Center 
3. Naval Air Test Center 
4. Naval Air Propulsion Center 
5. Naval Weapons Center (T&E Portion only) 
6. Atlantic Fleet Weapons Training Facility 

target test resources, Commander, Naval Material Command, in 

1976, assigned management responsibilities for the Navy ele-

ments of the MRTFB to Commander, Naval Air Systems Command 

(NAVAIR) [Ref. 8]. This responsibility was delegated to 

the Assistant Commander for Test and Evaluation (AIR-06). 

Among other requirements, Ref. 8 specified that the MRTFB 

activities "Provide workload information planning, program-

ming and budgeting inputs to NAVAIR (AIR-06) ." It further 

specified that AIR-06 "Balance workload and resources and 

prepare and defend the consolidated and coordinated MRTFB 

and target program support plans at the OPNAV and OSD levels 

as part of the PPBS process." 

In recognition of the importance of workload management 

and planning, the Chief of Naval Material, in 1978, promul-

gated policy, responsibilities, and procedures for workload 

management at the Navy MRTFB activities [Ref. 9]. As cogni-

zant manager of the Navy MRTFB, AIR-06 has the responsibility 

for introducing and controlling workload to the Navy MRTFB 

activities. Furthermore, the activities are directed to 
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to perform workload management and planning to ensure adequa t e 

resources, including funds, personnel, equipment, and facili

ties to meet user requirements. As an essential ingredient 

to the management of the Navy MRTFB workload, written esti

mates of planned workload are to be provided to the activi

ties by the workload sponsors. 

To exercise its responsibilities in consolidating work

load information and workload planning for the Navy MRTFB, 

AIR-06, in 1976, established a requirement for an annual Test 

and Evaluation Field Activity Plan (FAP). The FAP is the 

primary planning document for the MRTFB activities. It pro

mulgates planning policies and details for the time period 

of five years beyond the budget year, with the prior fiscal 

year used as the baseline (e.g., the 1980 FAP includes data 

for FY 1979 through FY 1986). The FAP contains a complete 

compilation of all test and evaluation projects planned 

during the planning period and includes requirements for 

funds, manpower, military construction, major repairs and 

minor construction, improvement and modernization projects, 

tenant support, and facility utilization. The FAP is com

patible with the Five Year Defense Program (FYDP), and pro

vides planning data and resource requirements for inclusion 

in the FYDP via the Program Objective Memorandum (POM). The 

FAP is updated each Spring to allow NAVAIR sufficient time 

to conduct a thorough analysis of the contents and provide 

data to OPNAV for preparation of the Preview CNO Program 

Analysis Memorandum (CPAM) (The first phase of the POM 
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process) which is presented in September. The annual MRTFB 

budget, which is submitted to NAVAIR by each MRTFB activity, 

is based on the planning data presented in the FAP. 

Typically, continual correspondence between AIR-06 and 

the MRTFB activities takes place during the late Summer/ 

early Autumn time period to clarify, amplify, and justify 

information presented in the FAP and MRTFB budget. These 

requirements are normally in response to questions raised as 

the programming and budgeting cycles progress up the hier

archy. In November, during the development of the CPAM, a 

formal request is normally forwarded by AIR-06 to the Navy 

MRTFB activities to provide POM issues to be included in the 

CPAM. Correspondence pertaining to the POM issues normally 

continues up until the presentation of the Summary CPAM in 

February. 

C. WORKLOAD ASSIGNMENT AND FUNDING POLICIES 

The MRTFB activities of the Naval Air Systems Command 

are Naval Industrial Fund (NIF) activities. Operations of 

NIF activities are financed through the use of a self

sustained, revolving, working capital fund (corpus). This 

fund is reimbursed by other commands or activities for whom 

work is performed or services are rendered. Thus a seller

buyer relationship exists between the MRTFB activities and 

the "customers." All funds are received by MRTFB activities 

in the form of NIF reimbursables. 

12 



Navy MRTFB activities operate under the Uniform Funding 

Policy promulgated by Ref. 7. Under this policy, the custo-

mers are charged only for direct costs; overhead charges 
1 

are not applied. This is in contrast with other NIF activ-

ities at which reimbursable costs charged to the customers 

include an apportioned amount to cover overhead costs. In 

order to cover overhead costs at activities governed by the 

Uniform Funding Policy, a special fund, designated as the 

Institutional Fund, is provided. This fund, which covers 

such costs as indirect labor, facility maintenance and oper-

ation, improvement and modernization, major repairs, etc., 

is provided under the RDT&EN appropriation (prog~am element 

65864N), and is assigned by Work Request (NAVCOMPT Form 140) 

from the Naval Air Systems Command. 

Funds provided in direct support of work performed for 

customers, designated as User/Direct funds, are normally 

provided by Work Request; however, some funds are provided 

by Project Order (NAVCOMPT Form 2053). User/Direct funds 

originate from several different appropriations as dictated 

by the nature of the work to be performed. The following 

1 
Exceptions are: Work funded by non-federal government 

agencies, commercial users or foreign governments. Ref. 7 
specifies that these users will reimburse the ranges and test 
facilities for full costs. This policy is being modified by 
a revision to Ref. 7 (Draft dated 9 August 1979), in which 
only DOD component users will be covered by the Uniform 
Funding Policy. Specific guidelines for application of over
head costs to non-DOD component users will be covered in the 
revision to Ref. 7. 
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breakdown of funds received at the Naval Air Test Center is 

presented as an illustration of the funding process at a 

typical Navy MRTFB activity. 

The major portion (approximately 80%) of User/Direct 

funds received at the Naval Air Test Center is in support 

of development test and evaluation projects sponsored by 

the Naval Air Systems Command. Most of these User/Direct 

funds come from the RDT&EN appropriation for test and evalu

ation to be performed on systems which are still under 

development, and from APN appropriation for test and evalua

tion to be performed on systems which are in production. A 

small portion comes from the O&MN appropriation for work in 

support of fleet units and operating forces, and from other 

procurement appropriations as appropriate. 

Most of the remaining 20% of the User/Direct funds 

received at the Naval Air Test Center are in support of work 

performed for tenant activities, other field activities, and 

various commands within the Department of Navy. User/Direct 

funds in this category are normally O&MN or NIF (when 

received from other NIF activities); however, some of these 

funds may come from RDT&EN and procurement appropriations as 

applicable. Less than 2% of the funds received at the Naval 

Air Test Center is in support of work performed for other 

DOD agencies and non-DOD activities. 

The process to be followed in the assignment of Navy 

MRTFB workload is delineated in Ref. 9 which states that 

"Navy test and evaluation workload assignments must be 
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directed to the Navy activity having the mission responsi

bility and capability to support such assignments." Work

load is assigned by the Naval Air Systems Command in the 

form of AIRTASK/Work Unit assignments as delineated in Ref. 

10. The AIRTASK is the principal document promulgated by 

the Naval Air Systems Command for assigning work to field 

activities. The AIRTASK formalizes agreements between the 

Naval Air Systems Command and the field activity on the 

technical work to be performed and funded in a given fiscal 

year. More detailed assignments are made and funded for 

performance of specific tasks within the scope of a previ

ously assigned AIRTASK by means of Work Unit assignments. 

It is noted that the AIRTASK/Work Unit assignment does not 

authorize obligation of funds. Funds are provided by sepa

rate funding documents, normally Work Requests. 

D. OBJECTIVE 

The objective of this study is to conduct an analysis 

of methods and procedures for quantifying, measuring, and 

predicting workload requirements to facilitate planning at 

a Major Range and Test Facility Base (MRTFB) activity of the 

Naval Air Systems Command. Improved methods of workload 

analysis and reporting will be developed, as applicable, to 

enhance MRTFB workload management and planning at the 

activity and at the Naval Air Systems Command. Although 

the Naval Air Test Center will be used as the model MRTFB 

activity for the analysis, the concepts will be sufficiently 

general to be applicable to all MRTFB activities. 
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II. DEFINITION OF WORKLOAD 

In order to achieve the objective of quantifying, 

measuring, and predicting workload, it is first necessary 

to define that which is to be quantified, measured, and 

predicted. Several definitions of workload exist; however , 

attempts to apply them to RDT&E activities such as those 

of the MRTFB have often led to frustration because of the 

unstructured nature of the work performed at these activi-

ties. Consequently, there is currently no standard defini-

tion of workload which is uniformly accepted among MRTFB 

activities. 

A typical industrial engineering definition of workload 

is given by Nadler as: 

The time an operation or element of operation performed 
with a given method under given job conditions, should 
take; when worked on by an operator with the necessary 
skill and given sufficient training to perform the 
operation properly, working at the performance level, 
maintainable throughout the day, week, etc. specified 
as equivalent to the performance necessary to earn base 
pay; and when all the operator's required activity and 
needs are provided for. [Ref. 11] 

This definition of workload is primarily applicable to a 

relatively structured working environment, and would be 

difficult to apply to the relatively unstructured working 

environment which exists at RDT&E activities such as those 

of the MRTFB. As Cooper, Neihaus and Nitterhouse point out: 

The more routinized, constrained, and/or well defined 
a task is, the easier it is to determine the relative 
efficiency and effectiveness of various alternatives 
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for its accomplishment. However, research and develop
ment is by definition not routine, constrained or well 
defined. [Ref. 12] 

Cooper, Niehaus and Nitterhouse [Ref. 12] define 

"Projected workload" in terms of the task to be accomplished 

or the product to be developed (in other words, assigned 

projects). In order for this definition to be meaningful, 

conversion to a more definitive form would be required to 

facilitate quantification. 

Reference 13 describes a workload planning system 

developed at the Naval Ship Weapons System Engineering 

Station in which the workload plan is based on funding data 

from the President's Budget. Defining workload in terms of 

budgeted funds is not considered valid since the funds may 

be used for purposes other than supporting workload (e.g., 

facilities, materials, general and administrative overhead). 

Furthermore, by using this definition, difficulties are 

introduced when an analysis is conducted to determine work-

force requirements based on projected workload (as will be 

discussed in later sections) . 

A method for uniform measurement of capability, capacity, 

and workload for the MRTFB was developed at the Naval 

Weapons Center in 1977 in which workload is defined as hours 

of utilization of test facilities and ranges [Ref. 14]. This 

definition is apparently based on the tacit assumption that 

the total workload at a test and evaluation activity is 

related to the operation time of some test facility or range. 

In actuality, operation time of test facilities and ranges 
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does not necessarily reflect the test and eva l uation effort 

expended. Furthermore, effort expended in operation of 

test facilities and ranges represents a small portion of 

the total workload during a test and evaluation project; 

the major portion being performed in engineering analysis. 

There is no direct correlation of effort spent in engineering 

analysis and utilization of facilities and ranges. Because 

of lack of adequate justification of a more acceptable 

definition, the definition of workload proposed in Ref. 14 

has been adopted by the Naval Air Systems Command, and work

load is currently being reported in this manner by Navy 

MRTFB activities. 

In order for a definition of workload for a MRTFB 

activity to be meaningful, relevant, and consistent, it must 

be related to the effort required to accomplish the tasks 

associated with assigned projects. This effort is best 

expressed in terms of individual effort applied over a period 

of time; i.e., direct manhours (manyears in the aggregate). 

Thus workload for a MRTFB activity is defined as the direct 

manyears of effort required to complete assigned projects. 

This definition can be shown to be the most logical from 

several viewpoints. First of all, it is directly analogous 

to the basic definition of work given in the science of 

mechanics: Force applied over a distance. The analogy 

becomes apparent when it is considered that the applied 

effort of the workforce is analogous to the applied force 

and the time over which the effort is applied is analogous 
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to the distance over which the force is applied. In mech-

anics, if a force of one pound is applied over a distance 

of one foot, one foot-pound of work is accomplished. In 

the workforce, for example, a typist working for one minute 

accomplishes approximately seven foot-pounds of work; a 

machinist working for one minute accomplishes approximately 
2 

ten foot-pounds of work. For the purpose of measuring 

workload in an organization, it is more appropriate to ex-

press it in terms of manhours (or manyears) rather than 

converting it to physical units. Workload expressed as man-

hours (manyears) is relatively easy to estimate and can be 

readily converted to resource requirements (as will be shown) . 

Furthermore, since accounting data are usually available in 

terms of manhours (for pay and labor distribution reporting), 

actual output can be measured for comparison with planned 

workload. 

It is noted that the uniform funding policy facilitates 

measurement of workload, as defined above, since only those 

manyears of effort devoted to projects funded by User/Direct 

funds would determine the workload of the activity. To 

distinguish workload defined in this manner from indirect 

labor funded by the Institutional fund, the term, "Direct 

workload" or "workload in direct manyears" will be used in 

the analyses presented in subsequent sections. 

2 
Chase and Aquilano [Ref. 15] express energy requirements 

for various activities in terms of calories. For the purpose 
of the analogy, the data for the above examples were converted 
to foot-pounds of work using standard conversion factors. 
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Other definitions of workload, as described earlier in 

this section, may have limited usefulness under certain 

circumstances. The industrial engineering definition would 

be appropriate in a production environment. The number of 

assigned projects may provide an indication of workload, 

but would have to be converted to manyears to be meaningful. 

Funding is a resource required to finance the workload, and 

therefore, the magnitude of required funds would give an 

indication of workload (but not a direct measure). The 

number of hours of operation of facilities may be propor

tional to total workload if operation of the facilities 

represents a major aspect of the work performed at the 

activity, but it does not measure workload per se. 
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III. MEASUREMENT OF WORKLOAD 

A. GENERAL 

As noted earlier, since work in an RDT&E organization 

is not routine, constrained or well-defined, the workload 

measuring techniques of the industrial engineer are not 

applicable for MRTFB activities. However, as noted by 

Cooper, Niehaus and Nitterhouse [Ref. 12]: 

This is not to say that no one can have any idea 
of how many manyears of a specified skill level 
and occupation will be required to research area X 
or develop item Y. Scientists and engineers with 
knowledge of the technological state of the art, 
and with experience in performing similar extensions 
of applications thereof, can often provide reasonable 
estimates. This estimate usually is more accurate 
if it is done close to the level of direct supervisor 
or the personnel who will actually do the work, 
instead of several levels up the management ladder. 

This philosophy is employed at the Naval Air Test Center 

for measuring workload for planning purposes. Since the 

measuring techniques utilized at the Naval Air Test Center, 

described in the following paragraphs, are applicable for 

all MRTFB activities, they are recommended for general use. 

Workload requirements for assigned projects are deter-

mined by project personnel shortly after project assignment. 

These requirements are published in a project plan (referred 

to as a Test Plan) along with such pertinent information as 

the scope of the work to be performed, expected time-span, 

methods to be employed, techniques to be utilized, resource 

requirements, technical disciplines involved, safety pre-

cautions to be employed, and funding requirements. To 
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facilitate accurate estimation of workload, the work to be 

performed is broken down into specific tasks and cost centers 

at which the tasks are to be performed. Accounting data 

from previously assigned similar projects and the project 

personnel's experience and knowledge of the tasks to be 

performed provide bases for the workload estimate in terms 

of direct manyears of effort. 

Estimation of projected workload requirements normally 

involves an extrapolation of current workload plus a fore

cast of anticipated projects to be assigned. The extrapola

tion process involves estimation of the length of duration 

of currently assigned work, additional work expected to be 

generated by results of current studies, and follow-on 

projects normally expected as a result of specific types of 

currently assigned work. The forecast of anticipated projects 

is facilitated by continuous communications between project 

personnel and project sponsors. It is noted that Ref. 9 

requires that Systems Command workload sponsors provide, 

annually, written five-year planning estimates of anticipated 

workload to the Navy MRTFB activities. Reference 9 further 

requires that the Navy MRTFB activities request similar 

workload planning guidance from non-Systems Command work-

load sponsors. Additional information to assist in fore

casting future workload requirements at MRTFB activities may 

be obtained from publications such as the Five Year Defense 

Plan (FYDP) and the Naval Aviation Plan. 
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The procedures delineated above describe the methods 

utilized at the cost center level for measuring workload 

for individual projects and tasks. It is apparent that, 

for overall activity workload management and planning, a 

formal process must be devised for consolidating and docu-

menting all workload data at the activity. In recognition 

of this requirement, the author initiated the design of a 

Workload Plan Management System. With the assistance of 

the Computer Services Directorate of the Naval Air Test 

Center, an automated system was devised by which workload 

data may be entered and processed to produce aggregated work-

load requirements suitable for preparation of budgets, 

preparation of planning reports, general analysis and manage-

ment of resources. This system has been adopted, and is 

currently being utilized by the Naval Air Test Center. 

B. WORKLOAD PLAN MANAGEMENT SYSTEM 

1. General Description 

Workload data are provided by project personnel, 

and entered into the computer, for each current and expected 

project to cover the period from the previous year to five 

years beyond the budget year. Data for each project are 

provided on the Workload Planning Data input document shown 

in figure 1. Four blocks of data are provided as follows: 

1. Workload 
2. Direct Workload Requirements by Function and 

Fiscal Year 
3. Aircraft and Flight Hour Requirements 
4. Funding Requirements. 
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It is noted that, in addition to direct workload in terms 

of manyears, specific blocks are provided for entry of 

significant resource requirements. 

The workload data are completely updated in the 

Spring of each year to coincide with the preparation of 

the Field Activity Plan, and to provide updated information 

for budget preparation. Additional inputs may be made 

during the year, at the discretion of the project personnel, 

to provide inputs for new projects or to correct erroneous 

data in the system. 

Outputs from the system are in various formats to 

satisfy a variety of requirements. Pre-programmed standard 

formats are provided to satisfy fiduciary requirements such 

as the Field Activity Plan. Highly structured, detailed 

information is provided to the operating levels. General

ized and unstructured information is provided for managerial 

analysis. 

2. Workload Identification 

Block 1 of the Workload Planning Data input docu

ment (figure 1) provides project identification data. The 

first two items are instructions to the computer to identify 

the record and to identify the type of input (i.e., initial, 

correction, deletion, or completion). The next four items 

identify the project by title, AIRTASK, Work Unit, and local 

job order number. This is followed by three data fields 

which identify the source of funds under which the project 

is funded. The next five data fields identify project 
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responsibility at the field activity level as well as the 

sponsor level. This is followed by two coded i tems which 

identify the project by sponsoring service and type of work . 

The project start date and expected project completion date 

are provided. Finally, improvement and modernization of 

facilities which are necessary for successful completion of 

the test and evaluation project are identified. 

The information provided in this block allows the 

data to be sorted in various ways which may be of interest 

to management. The magnitude of direct workload associated 

with any of the fields in this block may be determined. 

For example, determination may be made of the direct work

load funded by a particular appropriation, funded under a 

particular program element or sponsored by a particular 

NAVAIR program manager in any fiscal year. Furthermore, it 

is noted that, since the first five spaces in the project 

title represent the weapon system, aircraft designation or 

aircraft system component which constitute the primary 

reason for the project, total direct workload associated 

with a particular system program may be determined. 

It is noted that some of the project details may not 

be known for future projects. In these cases, "educated 

guesses" may be made, or the data may be omitted. As the 

information becomes known, it may be entered or corrected 

as appropriate. This procedure has proved to be adequate 

for planning in the outyears. 
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3. Direct Workload Requirements by Function and 
Fiscal Year 

To facilitate identifying direct workload require-

ments for current and anticipated projects, it is expedient 

to break the total effort down into specific functions. 

Consequently, as a result of consultation with functional 

area managers, the direct project effort at the Naval Air 

Test Center has been categorized into the following nine-

teen functions: 

1. Air vehicle testing 
2. Mission systems testing 
3. Systems reliability, maintainability, and integrated 

logistic support evaluation 
4. Aircraft maintenance 
5. Electromagnetic compatibility testing 
6. Electrical and environmental system testing 
7. Ground support equipment testing 
8. Ordnance systems testing 
9. Aircrew systems testing 

10. Electronic warfare systems testing 
11. Carrier suitability testing 
12. Communications, navigation, identification systems 

testing 
13. Airborne test instrumentation design and installation 
14. Range operations 
15. Telemetry systems operations 
16. T&E computational services 
17. Test instrumentation services 
18. Technical information services 
19. Facility support. 

These functions are shown in block 2 of figure 1. It is 

noted that, although the functions listed in this block were 

applicable to the Naval Air Test Center at the time this 

study was initiated, each MRTFB activity would be expected 

to list functions applicable to its unique mission. Further-

more, as the activity's functions are redefined as a result 

of possible changes in emphasis in its mission, changes may 
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be made to the definitions of functions listed in figure 1 

without requiring a change to the Workload Plan Management 

System software. 

For each applicable function, the expected workload, 

in direct manyears, is entered in the appropriate FY column 

for civilian, military, and/or contractor labor as appropri

ate. Also, the cost center (cc) in which the work will be 

conducted is noted. These data not only provide overall 

workload requirements, but also alert management as to which 

cost centers and specific functions are expected to have the 

heaviest or lightest load. Thus, in planning for future 

staffing requirements, management may be aware of which 

skills will be required and where they will be required. 

4. Aircraft and Flight Hour Requirements 

Required aircraft and estimated required flight hours 

are provided in block 3 for the appropriate fiscal years. 

Accurate data in this block will allow the activity and the 

Naval Air Systems Command to plan for allocation of required 

aircraft resources. 

5. Funding Requirements 

Funding requirements are classified in eight cate

gories as shown in figure 1. These data are provided to 

justify project costs to the sponsor, and to provide data 

for budget preparation and fiscal planning in the outyears. 

Provisions are provided to identify the portion of the 

funds which will be passed to other activities for assist

ance in the prosecution of the project. It is noted that 
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the funding data are arranged to show what portion of the 

total funds are in support of direct workload. 

6. Data Retrieval and Utilization 

The primary uses of the Workload Plan Management 

System are to provide data for the annual Field Activity 

Plan required by the Naval Air Systems Command, to provide 

data to justify data provided for the annual POM cycle, to 

provide a basis for budget preparation, and, perhaps most 

significant, to provide information for analysis which may 

enable management at the activity level as well as the 

Systems Command level to make optimum decisions relative to 

staffing and project planning. Some examples of direct 

workload data which may be retrieved from the system are 

presented in Appendix A and are discussed in the following 

paragraphs. 

The Workload Plan (p. 80) presents, for each active 

and forecasted project, a summary of workload information, 

including required direct manyears of effort and funding 

requirements. These summaries are forwarded to the Naval 

Air Systems Command as an appendix to the Field Activity 

Plan. They are also distributed to the activity cost centers 

responsible for the prosecution of the projects. The Work

load Plan summaries allow the project sponsors and the 

activity managers to review the overall workload plan on 

specific projects, working from the same data base. In this 

manner, program managers, test and evaluation managers, and 

project personnel may coordinate planning on particular 

projects. 
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Total direct manpower requirements, sorted by 

civilian, military and contractor manpowe~ (p. 81) provide 

management with an overview of aggregated workload require

ments for the entire activity by fiscal year. In addition, 

since manpower associated with aircraft maintenance is 

critical in respect to aircraft resources, this function is 

broken out as a separate item. 

Manpower requirements by fiscal year, sorted by cost 

center ann byfunction (pp. 82 and 83, respectively), allow 

management to detect any trends or shifts in workload con

centration by cost center or required skills. For optimum 

utilization of personnel it is important that the available 

personnel with specific skills are assigned to the cost 

centers where the greatest need exists. To provide detailed 

information in this regard, data may be obtained which 

present workload requirements by fiscal year for a specific 

function within a particular cost center. One page of such 

a report is shown in Appendix A (p. 84) in which workload 

requirements in mission system testing, broken down by 

assigned and anticipated projects, arepresented for cost 

center SA (Strike Aircraft Test Directorate). A complete 

report of this nature for all functions and cost centers 

could greatly enhance overall assignment of the right kinds 

of resources. 

A direct funding summary (p. 85) shows total expected 

user/direct funds, by fiscal year, for each cost center. 

These data are also provided in the form of user/direct funds 
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detail, a sample page of which is shown in Appendix A (p. 

86). This report shows expected user/direct funds, by 

fiscal year, sorted by specific projects, and is utilized 

by the comptroller's office for preparation of the annual 

budget. 

C. FURTHER DEVELOPMENT OF WORKLOAD MEASUREMENT TECHNIQUES 

The workload measurement techniques described above 

are sufficiently flexible to be adaptable to all Navy MRTFB 

activities, and to fit changing conditions within a given 

activity. Furthermore, they are amenable to improvements 

and modifications to increase the range of application and 

utilization. 

Currently, workload data are processed through a batch 

processing input/output operation. In addition, an on-line 

information retrieval system is utilized for gathering data 

in response to specific inquiries to solve unique managerial 

problems. 

Further development of the automatic data processing 

system associated with the Workload Plan Management System 

is required to make the system more responsive to management 

needs. An interactive on-line remote mode would allow users 

of the system to communicate with the system at remote 

terminals placed at strategic locations throughout the 

activity. Thus, data may be entered into the system and out

puts may be retrieved as required. With the on-line remote 

operation, the current batch processing mode would not be 

discarded. The proposed plan is to retain the batch 
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processing input/output operation (utilizing the Workload 

Planning Data form shown in figure 1) for the major annual 

update, and utilize the on-line remote mode for additional 

inputs during the year, and for special data retrieval as 

required. It is anticipated that the most significant use 

of the on-line remote mode would be for special data 

retrieval to help solve unique managerial problems as they 

arise. 

If the Workload Plan Management System is adopted through

out the Navy MRTFB, remote terminals would be placed at the 

Naval Air Systems Command (AIR-06). In this manner, the 

system could be queried directly from the Naval Air Systems 

Command for immediate retrieval of required workload and 

resource planning information. Consequently, the requirement 

for formal reports (specifically the Field Activity Plan) 

would be reduced, since the data would be obtainable more 

expeditiously through the Workload Plan Management System. 

Additional developments include modification of the Work

loodPlan Management System software to make the system 

compatible with other automatic data processing systems. 

This would allow for more universal application of the 

system. Integration with current and/or proposed manpower 

staffing systems would allow workload requirements to be 

converted directly to manpower staffing requirements. 

Integration of the Workload Plan Management System with the 

Standard Automated Financial System STAFS) currently being 

developed for all NIF RDT&E activities [Ref. 16] would 
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enhance workload management by providing feedback and con-

trols to facilitate direct monitoring of the validity of 

the planning data. These objectives are compatible with 

the following two objectives of STAFS as stated in Ref. 16: 

To provide a means by which management can compare 
actual performance to budget plans. 

To provide for automated interfaces with related systems. 

Prototyping of STAFS is scheduled to commence on 1 October 

1980. Implementation at the RDT&E activities will be 

initiated on 1 October 1981, and completed on 30 September 

1982. 
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IV. ANALYSIS OF WORKLOAD AND RESOURCE REQUIREMENTS 

A. MANPOWER REQUIREMENTS 

1. Discussion 

The ultimate purpose of workload management and 

planning is to provide a basis for resource management and 

planning. Three primary resources required by a MRTFB 

activity are manpower, facilities, and funding. Of these, 

manpower is considered the most significant since it is the 

manpower which constitutes the workforce through which 

effort is applied for accomplishment of the workload. The 

facilities represent the tools required by the workforce to 

accomplish the work, and funding is required to keep the 

workforce employed. Consequently, the primary concern is to 

convert workload into manpower requirements. The importance 

of manpower management and manpower analysis within an organi-

zation, as well as the difficulties of the task, are well 

recognized as exemplified by the following statement by 

Bonham, Clayton, and Moore [Ref. 17]: 

In essence, the organization must predict the future 
demand for manpower. This is not a simple task since 
some of the elements influencing the manpower require
ments •.. are external to the organization and, therefore, 
not controllable by the decision maker. 

The difficulties involved in converting workload to 

manpower requirements at a MRTFB activity are further compli-

cated by the "three-dimensional" nature of the workforce: 

civil service, military, and contractor. Each of these 

components of the total workforce is governed by a unique 
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set of regulations, restrictions, and funding procedures; 

however, they all play important roles in the overall 

accomplishment of the activity's total workload. Consequently, 

the problem evolves into one of determining, not only the 

overall manpower requirements, but the optimum mix of civil 

service, military and contractor manpower. 

It is noted that this analysis is concerned with 

"aggregate planning" models, which deal with categories of 

personnel, rather than "assignment" models, which deal with 

individual employees [Ref. 12]. The aggregate planning models 

developed in this analysis are intended to serve as the basis 

for assignment models which deal with manpower allocation to 

achieve the desired staffing plan. Such manpower allocation 

models have been developed by Buffum [Ref. 18]. Mavrikas 

[Ref. 19] developed an algorithm for implementing these models 

by the use of mixed integer linear programming. 

2. Linear Manpower-Workload Model 

For the purpose of devising a relatively simple but 

reasonably accurate model for manpower-workload analysis, 

the total manpower requirement is assumed to be a linear 

function of direct workload. This assumption is considered 

to be valid for the relevant range of workload under consider

ation. Consequently, the relationship between the total man

power requirement and direct workload may be expressed by 

the linear equation: 

y = a + bx 
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in which the independent variable x represents workload in 

direct manyears and the dependent variable y represents the 

total manpower requirements. The manpower-workload model 

based on this linear relationship is represented graphically 

in figure 2. In this model, the workforce is depicted as 

consisting of three categories of manpower: fixed indirect, 

variable indirect and direct. The fixed indirect manpower, 

represented by the constant, a, the intercept in figure 2, 

includes all manpower performing general and administrative 

functions such as staff, support, and service functions 

(designated as general cost centers). The variable indirect 

manpower includes all manpower performing indirect tasks in 

support of the direct workload, and would be located in the 

operating areas (direct cost centers). The constant, b, the 

slope of the line in figure 2, represents the ratio of the 

total variable manpower to the direct manpower. The constants, 

a and b, may be estimated for a particular activity by using 

historical accounting data. After the constants have been 

determined, it is then possible to determine total manpower 

requirements from forecasted workload. 

The manpower-workload profile for the Naval Air Test 

Center was computed from FY 1979 labor distribution data. 

During the analysis of these data, it became apparent that 

the civil service, military, and contractor manpower should 

each be treated as a separate and distinct workforce, each 

with its unique constants. Thus, an MRTFB activity is 

envisioned as a complex workforce consisting of three separate 
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workforces, each performing its unique functions to accom-

plish the overall workload of the activity. Specific tasks 

may be shifted between the three workforces to compensate 

for manpower shortages in a particular workforce and/or 

achieve the most effective combination of talents for over-

all mission accomplishment. 

A summary of the manpower distribution data is pre-

sented in Table II, in which the constants, a and b, are 

computed for each of the three workforces. In compiling the 

data utilized in Table II, labor distribution manyears 

charged against job orders funded by user/direct funds were 

designated as direct; manyears charged against job orders 

funded by the institutional fund were designated as fixed 

indirect when the work was performed in a general cost 

center and variable indirect when the work was performed in 

a direct cost center. The data tabulated in Table II are 

presented graphically in figure 3. The "three-dimensional" 

manpower-workload profile of figure 3 may be utilized for 

determining the size of each of the three workforces required 

to accomplish the forecasted workload. It may also be 

TABLE II 
MANPOWER DISTRIBUTION DATA 

FOR THE NAVAL AIR TEST CENTER (FY 79) 

FIXED VARIABLE TOTAL 
INDIRECT DIRECT INDIRECT VARIABLE VARIABLE TOTAL 

WORKFORCE MANPOWER MANPOWER MANPOWER MANPOWER RATIO MANPOWER 
(a) (b) 

CIVILIAN 1305 737 270 1007 1. 37 2312 

MILITARY 715 425 202 627 1. 48 1342 

CONTRACTOR 100 312 ' 78 390 1. 25 490 

TOTAL 2120 1474 550 2024 1.37 4144 
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utilized for determining the overall effect of shifting 

direct workload between workforces. The total manpower

workload profile for the combined workforce is presented in 

figure 4 for information. Data from the three fiscal years 

(FY 77 through FY 79) have been plotted on figures 3 and 4, 

and appear to follow the model. It is noted that, since 

staffing policies may vary over time, especially in regard 

to assignment of support and general overhead functions, 

the constants used in establishing the model should be con

tinually reevaluated. Furthermore, the accuracy of the 

model can be no better than the accuracy of the labor distri

bution data from which the constants are computed. Conse

quently, it is important that accurate labor distribution 

data be maintained at the MRTFB activities for all three 

components of the total workforce, including contractor 

labor. 

3. ~'lorkforce Planning Based on Workload 

After the projected workload for an activity has 

been determined, and a suitable manpower-workload model has 

been devised, the problem then becomes one of formulating a 

viable workforce plan based on the projected workload. The 

process, as depicted in figure 5, is an iterative one of 

matching the available "three-dimensional" workforce with 

the requirements dictated by the predicted workload. 

Projected workload must first be converted to required 

civil service, military, and contractor manpower. These are 

then compared with the available manpower. If the available 
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manpower, in either of the components, is not sufficient, 

an attempt should be made to adjust the work between the 

three components, contracting out more of the direct work

load if feasible. If shortages still exist, requests for 

increased civil service ceilings and/or military manning 

levels should be made. If this is unsuccessful, an adjust-

ment must be made to the planned workload; i.e., management 

must decide which projects will not be accomplished. The 

comparison-adjustment process is an iterative one, and should 

continue until a match between requirement and availability 

is achieved. It is noted that, for the process to be an 

orderly one, the analysis must be made far enough in advance 

to allow for appropriate actions to be taken systematically 

in accordance with the PPBS process. 

It is suggested in Ref. 13 that tight constraints 

have "largely negated the value of the unconstrained five

year activity plan." Consequently, the five year workload 

plan has been discarded at the Naval Ship Weapons Systems 

Engineering Station in favor of a short range, one year 

planning document based strictly on current budgetary and 

manpower constraints. This action is considered inappro

priate since an unconstrained five year workload plan is 

necessary to keep higher management informed of resource 

requirements and to justify future budgetary needs. Only 

ny determining and reporting unconstrained projected work

load can the variance between actual requirements and budgets 

be brought to the attention of higher management, and 
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unaccomplished workload, resulting from imposed constraints , 

be highlighted. 

4. Optimum Workload 

Determination of a MRTFB activity's workload capacity 

is a difficult task. A basic problem in this regard is the 

frequent lack of differentiation between capacity and capa

bility. These two terms are two separate and distinct char

acteristics of an activity. The activity's capability 

refers to the assemblage of expertise, skills, talents, 

technical facilities, physical plant, and support facilities 

and equipment required to accomplish its assigned mission. 

It must be assumed that workload assignments are directed 

to the activity having the mission responsibility and capa

bility as required by Ref. 9. An activity's workload 

capacity is a measure of the quantity of work that an activ

ity is capable of accomplishing at any given time. This 

factor is a function of many variables; e.g., physical plant 

size, quantity and quality of facilities, size of the work

force, office spaces, laboratory spaces, hangar spaces, etc. 

Because of the innumerable variables involved, and the 

unstructured nature of the work performed, it is not con

sidered possible to express workload capacity for a MRTFB 

activity in explicit, definitive terms. It is considered 

possible, however, to determine the optimum workload for 

effective utilization of the workforce at a ~ffiTFB activity. 

It is hypothesized that a functional relationship 

exists between the optimum workload for a MRTFB activity and 

the size of the fixed indirect workforce required for support , 
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service, and general and administrative functions. In other 

words, the "size'' of an activity, and therefore its optimum 

capacity to prosecute direct workload, may be measured by 

the size of the workforce required to operate, maintain and 

administer it. 

In order to determine the optimum workload for a 

MRTFB activity, a new parameter, manpower utilization factor 

(u}, is defined as the ratio of direct to total manpower, 

and is represented by the expression: 

X 
u = a+ bx 

in which the variable x is direct workload in manyears and 

the constants a and b are defined as before. A typical plot 

of the manpower utilization factor as a function of workload 

in direct manyears is presented in figure 6. The optimum 

workload for effective utilization of the workforce may now 

be deeined as the workload, in direct manyears, at which the 

optimum manpower utilization factor occurs. In referring to 

figure 6, the optimum workload would occur in the vicinity 

of the "knee" of the curve, beyond which large increases in 

direct workload would result in relatively small increases 

in manpower utilization factor. If the direct workload is 

decreased below the region of optimality, the manpower util

ization factor decreases rapidly to the point at which the 

workforce is utilized primarily to keep the activity open. 

Given the fixed indirect manpower, a, and the vari-

able manpower ratio, b, of a MRTFB activity, the optimum 
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workload can be definitively determined by taking the deriva-

tive of the utilization factor with respect to direct workload : 

du a 
= dx (a+ bx) 2 

This derivative represents the rate of change of the manpower 

utilization factor with direct workload, and is plotted, for 

illustration, in figure 7 as a function of workload in direct 

manyears for a particular value of a, and a particular value 

of b. For the purpose of this analysis, the optimum work-

load for effective utilization of the workforce is defined 

as that value of direct workload above which an increment of 

50 direct manyears results in a change 1n the manpower util-

ization factor of less than 1%. The rate of change corres-

ponding to the optimum workload then becomes: 

du = 2 X 10- 4 
dx 

By referring to figure 7, it is noted that this is the value 

at whic~ the rate of change of the manpower utilization 

factor with respect to direct workload begins to level off. 

N W b tt . du 1 t 2 X 10-4 d d · · h o Y se ~ng dx equa o an es1gnat1ng t e 

optimum direct workload as x* in the above derivative, the 

following express~on is derived for optimum direct workload: 

x* = bl (j___,.a 4 
~ 2 X 10-
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A plot of the optimum direct workload , x* , as a func-

tion of fixed indirect manpower, a, for various values of 

variable manpower ratio, b, is presented in figure 8. By 

entering figure 8 at the value of the fixed indirect manpower 

for a particular workforce, the optimum workload in direct 

manyears for that workforce may be determined for the appro-

priate value of the variable manpower ratio. It is noted 

that a separate value of x* should be determined for each 

component of the workforce (civil service, military, and 

contractorl. The total optimum direct workload for an 

activity would then be the total of the optimum direct values 

determined for the three components of the total workforce. 

Examination of figure 8 reveals an interesting phen-

omenon. It is noted that the optimum direct workload does 

not continuously increase as the fixed indirect manpower 

increases. In other words, bigger is not necessarily better. 

As the fixed indirect manpower increases beyond approximately 

1300, the optimum direct workload actually decreases as the 

fixed indirect manpower increases. This is apparently a 

manifestation of the economic law of variable proportions 

(law of diminishing returns}. As stated by Douglas [Ref. 20]: 

Sooner or later, as units of the variable factor are 
added to the fixed supply of capital resources, the 
marginal product of the variable factor must begin to 
decrease, due to simple overcrowding if for no other 
reason. 

Figure 9 is a presentation of the manpower utilization 

factor as a function of workload in direct manyears for variou s 

values of fixed indirect manpower, and constant variable 
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manpower ratio. The locus of optimum workload plotted on 

this graph illustrates the law of diminishing returns dis

cussed above. It is further noted that, at low values of 

fixed indirect manpower, the region of optimality is rather 

well defined; however, as the fixed indirect manpower 

increases, the region of optimality becomes less well 

defined. 

Figure 10 is a presentation of the manpower utiliza

tion factor as a function of workload in direct manyears for 

various values of the variable manpower ratio, and constant 

value of fixed indirect manpower. It is noted in this case 

that the locus of optimum workload increases continuously 

as the variable manpower ratio decreases. This should be 

expected since lower values of the variable manpower ratio 

imply more effective utilization of manpower in the direct 

cost centers. 

B. FACILITIES REQUIREMEN~S AND UTILIZATION 

1. Factors to be Considered 

After the manpower required to perform the projected 

workload has been determined, it is necessary to determine 

whether the physical facilities at the activity (laboratories, 

test ranges, assemblage of test equipment, etc.} are adequate 

to accomplish the work. In this respect, three factors are 

to be considered: 

a. The capability of current facilities at the 

activity. 
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b. The degree of utilization of current facilities 

dictated by current and projected workload. 

c. Requirements for improvement and modernization 

of test facilities. 

2. Facility Capabilities 

The Naval Air Systems Command (AIR-06} currently 

maintains a register of all test facilities within the Navy 

MRTFB. This register is currently being revised and will 

be published as the "NAVAIR T&E Facilities and Capabilities 

Handbook." Thus, potential sponsors of test and evaluation 

workload will have a comprehensive guide to assist them in 

directing projects to the Navy activity having the mission 

responsibility and capability as required by Ref. 9. 

3. Facility Utilization 

For the purpose of determing facility utilization, 

the test facilities at the Naval Air Test Center have been 

categorized into twelve major facility complexes as follows: 

1. Mission Systems Test Laboratory 
2. Acoustic Test Facility 
3. Electronic Warfare Integrated Systems Test Laboratory 
4. Electrical and Environmental Systems Test Facility 
5. Ordnance Systems Test Facility 
6. Electro-Optical Test Facility 
7. Aircraft Catapult and Arrest Test Facility 
8. Chesapeake Test Range 
9. Telemetry Data Center 

10. Central Scientific Computer 
11. Test Instrumentation Facility 
12. Electronic Systems Test Facility 

Each MRTFB activity would, of course, have its own list of 

major facilities. Furthermore, the list of major facilities 

at a particular activity would be expected to change, over 

time, as the test facilities are improved and modernized. 
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Utilization of facilities for MRTFB activities i s 

currently reported in the Field Activity Plan in terms of 

total hours of operation per year. The same parameter is 

used as a measure of workload in the annual MRTFB budyet. 

Total hours of operation of a facility is not considered a 

suitable measure of facility utilization; nor is it suitable 

as a measure of workload. In order to adequately measure 

facility utilization, the unit of measure should be related 

to the function performed by the facility. Since each 

facility performs a unique function, each would require a 

different parameter for measuring utilization. For example, 

for ·a test range, the total aircraft flight hours on the 

range may be appropriate; for the aircraft catapult and 

arrest test facility, the number of launches and arrestments; 

etc. The appropriate measure of workload related to a test 

facility is the total direct manhours required for operation 

of the facility in support of projects funded by user/direct 

funds. 

A proposed format for reporting facility utilization 

and w~rkload for incorporation in the Field Activity Plan 

and the MRTFB budget is presented in figure 11. This form 

would be prepared for each major facility identified by the 

reporting l1RTFB activity. The first three items on the form 

identify the reporting activity and date of submission, the 

major facility reported on, and a brief description of the 

facility. In the description of the facility, reference to 

applicable sections of the NAVAIR T&E Facilities and Capabili

ties Handbook would be appropriate to provide a source of a 
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FACILITY UTILIZATION AND WORKLOAD 

1. ACTIVITY: DATE: ------------------------------------ ----------

3. DESCRIPTION: 

4. FACILITY UTILIZATION: 

a. RELEVANT VARIABLE : -----------------------------------------
b. UNIT OF MEASURE: -------------------------------------------
c. MAX UTILIZATION (UNCONSTRAINED MANPOWER): --------------------
d. MAX UTILIZATION WITH CURRENT MANPOWER: -----------------------
e. PLANNED FACILITY UTILIZATION: 

CURRENT FY BUDGET FY BUDGET FY+1 
UTILIZATION 
(UNITS OF REL. VAR.) 

% UTILIZATION 
(UNCONSTRAINED M&~POWER) 

% UTILIZATION 
_(CURRENT MANPOWER) 

5. FACILITY WORKLOAD: 

CURRENT FY BUDGET FY BUDGET FY+1 
DIRECT M&~YEARS OF EFFORT FOR 
OPERATION OF FACILITY IN DI-
RECT SUPPORT OF PROJECTS 
FUNDED BY USER/DIRECT FUNDS. 

6. OPERATIONAL CONSTRAINTS: 

7. MANPOWER CONSTRAINTS: 

8. NARRATIVE : 

FIGURE 11 
PROPOSED FORMAT FOR REPORTING FACILITY UTILIZATION AND WORKLOAD 
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more detailed description. Item 4 presents information 

pertaining to facility utilization. The relevant variable 

appropriate for the specific major facility would be listed 

(e.g., for a range, total aircraft time on the range). This 

would be followed by the appropriate unit of measure of the 

relevant variable (e.g., flight hours). It is noted that 

several variables may be identified as relevant for the 

operation of a particular facility; however, the variable to 

be selected would be one which would most likely have a 

limiting effect on the utilization of the facility. The 

maximum utilization per year possible, in terms of units of 

the relevant variable, would then be determined, based on 

unconstrained manpower and based on current manpower (the 

constraints and assumptions upon which these figures are 

based would be defined in items 6 and 7) . The planned 

utilization of the facility would then be tabulated for the 

current year, budget year, and budget year plus one. These 

data would be presented in terms of units of the relevant 

variable, and percent of maximum utilization based on 

unconstrained manpower and current manpower. Item 5 pre

sents planned workload, for the current year, budget year, 

and budget year plus one, in terms of direct manyears of 

effort required for operation of the facility in direct 

support of projects funded by user/direct funds. These data 

would be extracted from the Horkload Plan Management System. 

Item 6 presents the operational constraints and assumptions 

whic~ dictated the maximum utilization provided in item 4.c. 
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(e.g., expected weather conditions, average day light hours , 

preventive maintenance, number of hours per working day, 

number of shifts, overtime, etc.). Item 7 presents the 

manpower requirements to achieve the maximum utilization 

of item 4.c., and the current manpower which dictates the 

maxutum utilization provided in item 4.d. Item 8 provides 

space for narrative information which may further describe 

constraints in more detail, and/or provide additional 

information pertinent to the utilization of the facility and 

workload associated with the operation of the facility. 

Figure 11, when properly completed, would provide 

management with meaningful information pertaining to facility 

utilization and workload at the MRTFB activities. For example, 

the planned utilization in terms of percent or maximum util

ization provides prospective workload sponsors an indication 

of the availability of the facility to accommodate additional 

projects (with current manpower, and if additional manpower 

were availablet. It is emphasized that the workload data 

apply only to that portion of the total direct workload 

required for operation of the specific facility. These data 

are included in the total v1orkload data provided by the Work

load Plan Management System as displayed in Appendix A. 

4. Facility Improvement and Modernization 

As the systems undergoing test and evaluation become 

more sophisticated, the current facilities at the MRTFB 

activities may become inadequate to perform the required 

tasks. Furthermore, facility utilization data may indicate 
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that additional facilities may be required to adequately 

orosecute the workload in certain technological areas . 
.&.: 

Consequently, each HRTFB activity has developed requirements 

for improvement and modernization projects. Each improve-

ment and modernization project is coded, prioritized, and 

reported in the Field Activity Plan along with an issue paper 

justifying its requirement. It is noted in figure 1 that a 

field is provided in the ~vorkload Planning Data input docu-

ment (item 24t for the inclusion of related improvement and 

modernization projects which are required for the successful 

prosecution of the test and evaluation project. This type 

of data provides additional justification for funding 

required for improvement and modernization of test facilities 

at the HRTFB activities. It is noted that improvement and 

modernization of test facilities are funded by the institu-

tional fund, not user/direct funds; however, workload gener-

ated by user requirements forms the basis for their 

requirement. 

C. FUNDING REQULREMENTS 

The funding data provided by the Workload Plan Management 

System identify only direct funds; those funds necessary for 

the support of direct workload. These data are utilized for 

the preparation of the user/direct portion of the budget. 

Under the Uniform Funding Policy, virtually all sponsors 

of direct work are required to reimburse direct costs only. 

Indirect costs, including those required for improvement and 

modernization of facilities and laboratories and those required 
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for indirect flight hours, are funded separately by the 

institutional fund. Although the institutional fund is not 

intended to be used for reimbursement of costs incurred in 

the accomplishment of direct workload, there is a causal 

relationship between direct workload and indirect costs 

funded by the institutional fund. For example, as illustrated 

in figure 2, the variable indirect manpower requirements (the 

cost of which must be reimbursed by the institutional fund) 

is a direct function of direct workload. Furthermore, direct 

workload generates the requirement for improvement and 

modernization projects, the cost of which, again, must be 

reimbursed by the institutional fund. 

The relationship between direct and indirect costs at a 

MRTFB activity is delineated in the draft revis i on to Ref. 7 

as follows: 

All costs will be assigned based on a beneficial or 
causal relationship which is consistently applied. 
Direct costs require specific identification to a 
job or function served. Indirect cost shall be 
screened into homogeneous cost pools having essen
tially the same relationship to the jobs or functions 
served and then allocated on a basis which best 
measures the relationship between the indirect cost 
pool and the jobs/functions. 

Management must recognize the causal relationship between 

indirect costs and direct workload when the institutional 

budget is prepared. Furthermore, to ensure effective finan-

cial management at a MRTFB activity, this causal relation-

ship must be taken into account in assignment of the 

institutional fund to the activity. 
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V. WORKLOAD PLANNING, FEEDBACK AND CONTROL 

A. TACTICAL VS STRATEGIC PLANNING 

Planning is traditionally categorized into long range 

planning, medium range planning, and short range planning. 

Long range planning is usually thought of as covering a 

time period of twenty years; medium range planning, between 

two and ten years (normally five years) ; and short range 

planning of one year or less. It is considered more appro-

priate, however, to define planning as strategic or tactical. 

Long range planning is often considered strategic; short 

range planning, tactical; and medium range planning, perhaps 

a combination of the two; however, this differentiation is not 

considered accurate. Although strategic planning usually 

covers a longer time frame than tactical planning, this is 

not necessarily true in all cases. Whether planning is 

strategic or tactical is dependent primarily upon the nature 

of the planning rather than the time frame involved. 

Steiner {Ref. 21] presents the following definition of 

strategic planning: 

Strategic planning is the process of determining the 
major objectives of an organization and the policies 
and strategies that will govern the acquisition, use, 
and disposition of resources to achieve those objec
tives. Objectives in the strategic planning process 
include missions or purposes, if they have not been 
determined previously, and the specific objectives 
that are sought by a firm. Although the strategic 
objectives are usually long range, they can be short 
range. 
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Tactical planning, on the other hand, is defined as "the 

detailed deployment of resources to achieve the strategic 

plans." 

The following are some of the significant distinctions 

between strategic and tactical planning listed by Steiner 

in Ref. 21: 

Strategic planning is more heavily weighted with 
subjective values of managers than is tactical planning. 

Uncertainty is usually much greater in strategic 
planning than in tactical planning. Not only is the 
time dimension much shorter in tactical than in 
strategic planning, but the risks are much more 
difficult to assess and are considerably greater in 
strategic planning. 

Strategic planning usually covers a long time spectrum 
but sometimes is very short, and varies from subject 
to subject. Tactical planning, in contrast, is of a 
shorter duration and more uniform for all parts of the 
planning program. 

Strategic planning is original in the sense that it 
is the source or origin of all other planning in an 
enterprise. In contrast, tactical planning is done 
within, and in pursuit of, strategic plans. 

It is usually considerably easier to measure the 
effectiveness and efficiency of tactical plans than 
of strategic plans. Results of strategic planning may 
become evident only after a number of years. Very 
frequently it is difficult to disentangle the forces 
which led to the results. In sharp contrast, tactical 
planning results are quickly evident and much more 
easily identified with specific actions. 

Although definitive distinctions may be made between 

strategic and tactical planning, these distinctions often 

become rather nebulous in actual practice. This view is 

expressed rather clearly by Ackoff (Ref. 22]: 

The distinction between tactical and strategic planning 
is often made but is seldom made clear. Decisions 
that appear to be strategic to one person may appear 
to be tactical to another. This suggests that the 
distinction is relative rather than absolute. Indeed 
this is the case. 
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Steiner [Ref. 21] further expounds on the difficulties of 

attempting to definitively distinguish between strategic and 

tactical planning: 

Both conceptually and operationally, the lines of 
demarcation between strategic and tactical planning 
are blurred. At the extremes their differences are 
crystal clear as in the above comparison. But these 
distinctions do not always hold. For example, both 
in theory and practice, there is in planning an intri
cate ends-means chain. Strategy gives rise to tactics, 
and may be considered a substrategy which in turn 
employs tactics for execution. What is one manager's 
strategy is another's tactics, what is one manager's 
tactics is another's strategy. 

In view of the above discussion, workload planning at the 

MRTFB activity level is considered to be tactical in nature. 

The planning and future allocation of resources at the activ-

ity may be considered strategic when viewed from the activity's 

point of view; however, as viewed from the perspective of the 

overall Navy MRTFB management level and systems acquisition 

strategy, workload planning at the activity is tactical in 

nature since the overall purpose is to effect optimum deploy-

ment of resources to achieve the objectives of the strategic 

plans. Workload planning is based primarily on extrapolation 

of currently assigned projects plus a forecast of anticipated 

projects resulting from current studies. Strategic factors 

such as assumptions concerning expected acquisitions and 

future programs are rarely quantifiably available to the work-

load planners and are usually not considered. 

B. UNCERTAIUTIES AND LI.MITATIONS IN WORKLOAD PLANNING 

Since strategic factors affecting future workload are 

external to the planning organization, there are numerous 
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uncertainties which must be taken into account when inter-

preting the planning data. As noted earlier, forecasts of 

future workload are based primarily on extrapolation of 

currently assigned projects and a forecast of future require-

ments for development test and evaluation. However, there 

is no assurance that the predicted projects will materialize; 

nor is there any assurance that, if the projects do material

ize, they will be assigned to the planning activity. Although 

Ref. 9 specifies that "Navy test and evaluation workload 

assignments must be directed to the Navy activity having the 

mission responsibility and capability to support such assign-

ments," the interpretation of "mission responsibility and 

capability" may change between the time of planning and the 

time of assignment of a particular project. 

The major uncertainties associated with workload fore

casting result from the difficulty in accounting for all of 

the strategic variables that may affect workload when an 

attempt is made to look into the future. ~he "crystal ball" 

becomes clouded beyond one or two years. Because of the 

uncertainties, it is postulated that the ability to forecast 

workload requirements diminishes as a function of the square 

of the time, in years, over vrhich the forecast is made. 

Consequently, an expression for the reliability of workload 

planning derived from the dbility to forecast workload require-

ments, based on current and projected programs, may be stated 

as: 
2 

R = 100 - t , 
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in which the reliability, R, is expressed in percent and t 

is the planning time in years. This relationship is depicted 

graphically in figure 12. According to this model, workload 

planning is possible with better than 90% reliability out to 

three years. Reliability then reduces to 75% in five years 

and to zero in ten years. As shown in figure 12, planning 

beyond ten years must be based solely on strategic assumptions 

concerning future development programs. 

The planning reliability model depicted in figure 12 

may be utilized effectively for the analysis of planned work

load. For illustration, planning data for the Naval Air Test 

Center, adjusted for constraints, is presented in figure 13. 

As shown in the top graph of figure 13, an apparent decline 

in workload over the seven year planning period is indicated. 

However, when the planning reliability curve is superimposed 

on the planning data (botton graph of figure 13} , it is noted 

that the data follow, rather closely, the reliability curve, 

indicating essentially constant workload over the first three 

years. After the third year, the data diverges upward from 

the reliability curve, indicating an increase in workload 

between the thlrd and fifth years. After the fifth year, the 

data again follow the reliability curve, indicating constant 

workload after the incremental increase between the third and 

fift~year. The overall effect is an expected increase in 

workload. Consequently, the Naval Air Test Center should be 

planning for an increase in workload over the seven year 

planning period, rather than a decrease as indicated by the 

raw data. 

65 



1001 . ' • .. ~ · ~ .. 1 5 ' ~)~ ~~~"~~~"""'-'(= 

80 

a: 

"#. 
I 

>-
t: 60 
..J 

m 
<X: '''"'\"~p''LA'~N'f~tc; ·~.A~'E\t ····A"''''~'t'·'''"'~· .. 
..J 
w 
a: 

ON CURRENT AND PROJ ECTED~~ 
PROGRAM S f 

. ' 

(.!) 

z 40 
0\ z 0\ z ' 

<X: 
..J 
0.. 

20 
: ~\: 

0~----~~~------~--------~----~----~--------~~--------~--------~~--~~--~~--~--~~--------~ 
0 2 3 4 5 6 7 8 9 10 

TIME, YEARS (t) 

FIGURE 12 
PLANNING RELIABILITY MODEL 



120 

100 

~ 80 
0 
a: 
w 
N 
a: 
~ 60 
r 
0 
1-
0 
w 

WORKLOAD PLANNING DATA SHOWING 
APPARENT DECLINE IN PROJECTED 

WORKLOAD 

N 40~----------------------------------------------------..J 
<1: 
~ 
a: 
0 
z 
0 120 
<1: 
0 
..J 
~ 
a: 
0 
:1: 100 
0 
w 
I-
(.) 
w -, 

~ 80 
a.. 

60 

'~ 
SAME PLANNING DATA '............_ 

COMPARED WITH PLANNING "-.. 

RELIABILITY CURVE '"' l . 
'-......... INCREMENTAL 

'-.... INCREASE 
' IN PROJECTED 
"'-. WORKLOAD 

40~----~------_.------~------~------~------~----~ 
0 2 3 4 5 

TIME, YEARS 

FIGURE 13 
USE OF PLANNING RELIABILITY CURVE 

FOR ANALYSIS OF PROJECTED WORKLOAD 

67 

6 7 



C. PLANNING AND CONTROL HODEL 

In order for workload planning to be meaningful, a 

feedback system must be devised through which controls may 

be provided to ensure accomplishment of the planned work

load. It appears that not enough emphasis is currently 

placed on the feedback and control aspects at the Navy MRTFB 

activities. As noted earlier, integration of the Workload 

Plan Management System with the Standard A'Jtomated Financial 

System (STAFS) currently being developed for all NIF RDT&E 

activities [Ref. 16], would provide the necessary feedback 

and facilitate the required control of workload planning. 

A planning and control model, showing the necessary feed

back loops, is presented in figure 14. As shown in the 

model, planning and control, when properly conducted, is a 

never-ending, continuous process. 

The planning process may be thought of as consisting of 

four identifiable steps: 

1. Determine, as accurately as possible, the nature of 

the future environment in which the plan is to be executed. 

2. Establish goals and objectives for the organization 

within the given projected environment. 

3. Establish plans and procedures to meet the established 

goals and objectives. 

4. Implement the established plans and procedures. 

In the process of forecasting the future environment, it is 

necessary to make assumptions concerning such items as future 

development test and evaluation requirements, the nature of 
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the technology, economic conditions, availability of resources, 

etc. These inputs must be documented explicitly in quantita

tive terms. If possible, the expected accuracy and reliabil

ity of each of the projections should be documented. These 

predictions form the framework within which the goals and 

objectives of the organization are formulated. It is now a 

matter of delineating specific plans and operating procedures, 

and establishing milestones, for achieving the goals and 

objectives of the organization, and exploiting, to the 

organization's benefit, the assets which may be available in 

the projected environment. 

After the plan has been implemented, it must be continually 

re-evaluated, updated and/or revised, consistent with the 

latest information available to management. Implicit in the 

entire process is a continual monitoring of the assumptions 

and forecasts concerning the environment during the planning 

period. 

As part of the planning process, controls are necessary to 

ensure that a viable plan has been implemented and that actions 

taken during operation are consistent witil the plan. As a 

first step, the input data should be continually monitored at 

predetermined intervals to ensure that the information and 

assumptions upon which the plan is based are still valid. 

New information which may have an effect on the planning 

assumptions should be considered. Consideration of new inputs 

may indicate that the plan should be updated. Conversely, 

data may show that the assumptions upon which the plan was 
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based are no longer valid; in which case a complete revision 

of the forecast, goals and objectives, may be in order and 

a new plan prepared. Accurate monitoring of the inputs is 

essential so that the decision to update or revise the plan 

may be made before deficiencies show up during operation. 

For example, if an important resource such as a modern T&E 

laboratory will not be available at the assumed time, this 

fact should be uncovered as soon as possible so that manage

ment may take steps to expedite delivery or change T&E plans 

accordingly. 

The ultimate purpose of a plan is to formulate a procedure 

by which the goals and objectives of the organization may 

be achieved. These goals and objectives are usually expressed 

as some sort of output. Therefore, it is necessary to monitor 

the actual output of the organization to ensure that it is 

consistent with the planned output. Ideally, any discrepan

cies should be detected early enough to make adjustments 

before serious consequences occur. Normally this would take 

place at one of the establis~ed milestones. If a discrepancy 

between planned and actual output becomes apparent, manage

ment should determine whether the fault lies with the opera

tions or wit~ the plan. Perhaps the goals and objectives 

set by management were unrealistic and the plan is, therefore, 

invalid. In this case, management must re-evaluate its goals 

and objectives and formulate a new plan. On the other hand, 

if management determines that its goals and objectives are 

realistic and that the plan is valid, changes must be made 



in the operating procedures. For example, a re-allocation 

of resources may be in order. 

Care must be taken to ensure that the data collected 

during the control phase are the same parameters as those 

used in the planning phase. If it is not possible to 

measure the same parameters, this fact must be recognized. 

As noted earlier, the expected accuracy and reliability of 

planning data should be noted. Consequently, when discrep

ancies show up during the control phase, management Must 

determine whether or not the discrepancies are within the 

accuracy and reliability of the data before any contemplated 

action is taken. In other words, the discrepancy may be the 

fault of the measuring techniques, in which case no corrective 

action may be necessary (except to improve the measuring 

techniques, if possible). 

Figure 15 presents an illustration of the use of feedback 

data applied to unconstrained workload planning data for the 

Naval Air Test Center, to indicate the need for application 

of controls. Planning data prepared in 1978 indicated that 

a surge of over 20% additional workload was to be expected 

during fiscal year 1978. However, at the end of the fiscal 

year, output data showed that the actual workload accomplished 

was only 4% above that for FY 1977. Planning data prepared 

in 1979 showed a similar surge in expected current year work

load while t~e output data for that year showed that the 

workload accomplished remained essentially constant. Although 

1980 workload planning data were not available at the time of 
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this writing, it is anticipated that a similar surge in 

expected workload will be indicated for FY 1980. 

This "bow wave" effect is characteristic of an activity 

in which the available resources (e.g., manpower and/or 

test facilities) are insufficient to accomplish the assigned 

workload. The planned surge in workload for FY 1978 repre

sents the backlog of unaccomplished work from FY 1977. Then 

when the planned workload was not accomplished in FY 1978 

because of resource shortages, the backlog was carried over 

to FY 1979 planning. The "bow wave" will continue through 

each planning year as long as the resources are inadequate 

to accomplish assigned workload. 

It is obvious that this characteristic results in program 

slippages in the short run. In the long run, non-accomplish

ment or cancellation of important projects may result which 

could have a deleterious effect on important systems acquisi

tion programs. Clearly, management intervention is indicated. 

The ideal solution would be to obtain adequate resources to 

accomplish all assigned workload in a timely manner; however, 

in light of externally imposed funding and manpower constraints, 

this solution is rarely feasible. Failing this, controls must 

be instituted to ensure that available resources and assigned 

projects are managed so that optimum utilization of the 

resources is accomplished consistent with timely completion 

of the most critical projects. 
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VI. CONCLUSIONS 

Improved methods of workload analysis and reporting are 

required to enhance workload management and planning at 

Major Range and Test Facility Base (MRTFB) activities of the 

Naval Air Systems Command. The workload at a MRTFB activity 

is best expressed as the direct manyears of effort required 

to complete assigned projects funded by user/direct funds. 

The workload measurer.1ent techniques utilizing the Workload 

Plan Management System, developed by the author and currently 

in use at the Naval Air Test Center, are sufficiently flexible 

to be adaptable to all Navy MRTFB activities, and to fit 

changing conditions within a given activity. The system is 

compatible with the Standard Automated Financial System 

(STAFSl currently being developed for all NIF RDT&E activities. 

In analyzing workload data, civil service, military and 

contractor manpower should each be treated as a separate and 

distinct \vorkforce, each with its unique characteristics. 

The process of devising a viable workforce plan is an itera

tive. one of matching the available "three-dimensional" vlork

force with the requirements dictated by the predicted 

workload. The accuracy of workload models devised for work

load analysis and planning can be no better than the accuracy 

of the labor distribution data from which the data are com

puted. Consequently, it is important that accurate labor 

distribution data be maintained at the MRTFB activities for 

all three components of the total workforce, including con

tractor labor. 

75 



Because of the innumerable variables i nvolv ed, and the 

unstructured nature of the work performed, it is not 

considered possible to express workload capacity for a MRTFB 

activity in explicit definitive terms. It is possible, 

however, to determine optimum workload for effective utiliza

tion of the workforce at a MRTFB activity. 

After the manpower required to perform the projected work

load has been determined, it is necessary to determine 

whether the physical facilities at the activity are adequate 

to accomplish the work. In order to adequately measure 

facility utilization, the unit of measure should be related 

to the function performed by the facility. The proposed format 

for reporting facility utilization and workload, based on 

this concept, would provide management with meaningful 

information pertaining to facility utilization and workload 

at the MRTFB activities. 

Hanagement must recognize the causal relationship between 

indirect costs and direct workload when the institutional 

budget is prepared. Furthermore, to ensure effective finan

cial management at a MRTFB activity, this causal relationship 

must be taken into account in assignment of the institutional 

fund to the activity. 

Since strategic factors affecting future workload are e x 

ternal to the planning organization, there are numerous 

uncertainties which must be taken into account when inter

preting the planning data. The major uncertainties assoc iated 

wit~workload forecasting result from the difficulty in 
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accounting for all of the strategic variables that may affect 

workload when an attempt is made to look into the future. 

The proposed planning reliability model, in which planning 

uncertainties are taken into account, may be used effectively 

for the analysis of planned workload. 

In order for workload planning to be meaningful, a feed

back system must be devised through which controls may be 

provided to ensure accomplishment of the planned workload. 

Integration of the Workload Plan Management System with the 

Standard Automated Financial System (STAFS) would provide the 

necessary feedback and facilitate the required control of 

workload planning. 
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VII. RECOMMENDATIONS 

The methods, models, and techniques described in this 

study are recommended for adoption throughout the Navy MRTFB 

to enhance workload management and planning at the activity 

level as well as the Systems Command level. In this regard, 

the following specific recommendations are made: 

1. The Workload Plan Management System should be 

incorporated by the Naval Air Systems Command as the primary 

workload measuring and reporting system for the Navy MRTFB. 

The system should be expanded to include an interactive 

remote mode which would allow users of the system to communi

cate with the system at remote terminals placed at strategic 

locations, including the Naval Air Systems Command. The 

system should be integrated with the Standard Automated 

Financial System (STAFS) currently under development. 

2. The total workforce at a lffiTFB activity should be 

treated as a complex "three-dimensional" workforce, the compo

nents of which are civil service, military and contractor. 

Each component should be treated as a separate and distinct 

workforce with its unique characteristics. Specific tasks 

may be shifted between the three workforces to compensate for 

manpower shortages in a particular workforce and/or achieve 

the most effective combination of talents for overall mission 

accomplishment. Consequently, accurate labor distribution 

data should be maintained for all three components of the 

total workforce, including contractor labor. 
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3. The techniques described in this study for the deter

mination of opti~urn workload for the effective utilization 

of the workforce at a MRTFB activity should be adopted. 

4. The workload at a MRTFB activity, or any component 

thereof, should be expressed explicitly in terms of direct 

manyears of effort required to complete assigned projects 

funded by user/direct funds. 

5. Facility utilization should be measured in terms of 

relevant variables which are related to the function per

formed by the facility as delineated in the proposed format 

for reporting facility utilization and workload. The proposed 

form should be incorporated in the Field Activity Plan and 

MRTFB budget. 
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